Since the critical care physician will most likely be involved in a life-threatening expression of systemic mastocytosis, recognition of this disease is of utmost importance in the critical care management of these patients. Mastocytosis is a severely under-recognized disease because it typically occurs secondary to another condition and thus may occur more frequently than assumed. In this article, we will review the current knowledge on the treatment of mastocytosis crises with an emphasis on critical care management. Mastocytosis is characterized by the clonal proliferation and accumulation of mast cells in different tissues. Mast cell mediators contain a wide range of biologically active substances that may lead to itching and hives but may ultimately lead to anaphylactic shock caused by the release of histamine and other mediators from mast cells. The mainstay of therapy is the avoidance of potential triggers of mast cell degranulation and, if unsuccessful, blocking the cascade of mast cell mediators. The critical care physician should be well aware of the special precautions which should be kept in mind throughout the management of a mastocytosis crisis to avoid massive mast cell degranulation. Histamine-releasing drugs and certain physical triggers like temperature change should be avoided.
Introduction
Mastocytosis is characterized by the clonal proliferation and accumulation of mast cells in different tissues, with a preferential localization in the skin and bone marrow. The clinical presentation of mastocytosis is heterogeneous, ranging from skin-limited to a more aggressive systemic variant [1] . Mast cells produce and release a large number of different mediators, which are either released * Correspondence: w.m.van.den.bergh@umcg.nl 1 Department of Critical Care, University Medical Center Groningen, University of Groningen, Hanzeplein 1, 9700 RB Groningen, The Netherlands Full list of author information is available at the end of the article continuously or stored in granules and released after stimulation (Table 1 ). Signs and symptoms are caused by release of these mast cell mediators or local accumulation of mast cells [2, 3] . The disease may be undiagnosed until patients are exposed to elicitors of mast cell degranulation leading to severe anaphylactic reactions and even death [4] [5] [6] [7] . Anaphylaxis may be the result of a variety of triggers. Several case reports described anaphylaxis following regional or general anaesthesia as the first presentation of mastocytosis [8, 9] . The diagnosis may be difficult as anaphylaxis may develop with a delay of hours [10] . Furthermore, drugs that are known potential mast cell elicitors are frequently used pharmaceuticals in the ICU [9] . Physicians should therefore realise that adjustment of management to avoid trigger application is necessary in order to prevent further endangerment of vital functions. However, owing to the low but probably under-reported prevalence of the disease, most critical care physicians are not familiar with the management of the patient with mastocytosis. In the following sections, we review the pathogenesis and prophylactic measures of mast cell mediator release, with an emphasis on critical care management.
Mastocytosis

Incidence and prevalence
The incidence of mastocytosis has been estimated to be between 1:1,000 and 2:100,000, but several cases are not recognized as caused by mastocytosis [2, 11] . The prevalence of mastocytosis was recently studied in the adult population of the Groningen region in The Netherlands and appeared to be at least 13 cases per 100,000 inhabitants [12] .
Pathophysiology
Mast cells develop from pluripotent stem cells in the bone marrow and spleen. In mastocytosis, the majority of cases are associated with gain-of-function point mutations of KIT, a tyrosine kinase receptor located on mast cells. As a consequence, the receptor is continuously activated, leading to uncontrolled growth and activation of mast cells (Fig. 1) [2] . Mast cell progenitors are the only myeloid cells that exit the bone marrow before complete maturation. The destination of mast cells is beneath or in the epithelium, close to vessels, smooth muscle cells, and glandular tissue, where they act as outposts of the immune system against exogenous allergens and pathogens [2] . Subjects with mastocytosis can experience non-specific symptoms like generalized pruritus, flushing, diarrhoea, abdominal pain, anaphylaxis, and osteoporosis due to a release of mast cell mediators, weight loss, malabsorbtion, cytopenia, organomegaly, and bone pain and fracture due to infiltration of mast cells in organs in advanced or aggressive mastocytosis [1] .
Diagnosis and classification
Mastocytosis is classified by the World Health Organization (WHO) in the category of 'myeloproliferative neoplasms' and can be subdivided into cutaneous and systemic mastocytosis and mast cell neoplasm (Table 2) . To establish the diagnosis of systemic mastocytosis, either one major and two minor or three minor WHO criteria have to be fulfilled ( Table 3 ). The indolent form is the most prevalent subtype of systemic mastocytosis [13] . An increased basal level of the mast cell mediator tryptase (more than 20 ng/mL) in serum may indicate the presence of the disease [14] . When mastocytosis is suspected (for example, in a patient presenting with anaphylactic shock due to a wasp sting), a marked increased tryptase concentration is the hallmark of the diagnosis [1] . One can also expect to find coagulation disturbances, caused by the mast cell mediators heparin and protease, and (methyl)histamine in urine. In this particular example, immunoglobulin (Ig) against wasp-antigen (rVes v5) shall be positive, revealing an IgE-mediated reaction [1, 13, 14] . 
Anaphylaxis and risk factors
Stimulation of mediator release occurs by either IgE-or non-IgE-mediated mechanisms, including physical stimuli and drugs. The marked increased mediator release from the elevated mast cell numbers explains the much higher incidence as well as severity of anaphylaxis in mastocytosis patients as compared with the general population [3] . Symptoms appear to be more severe in patients with extensive systemic disease, which is reflected by a higher serum tryptase level [15] . A study that described the trigger factors for anaphylaxis in patients with mastocytosis found that the major precipitating agents were Hymenoptera (wasps, bees, ants, and flies) stings (27 %), foods (24 %), and medications (18 %) [15] . The prevalence of Hymenoptera venom allergy among patients with mastocytosis varies between 23 % and 47 % [11, 12] . Hymenoptera stings mostly cause severe anaphylactic reactions (grade III), whereas foods and medication lead to milder systemic reactions (grade II). However, fatal cases of drug hypersensitivity have been described in the literature [7, 8] . Medications that are potential initiators of mastocyte degranulation on the basis of case reports and drugs associated with histamine release in general are listed in Table 4 .
Critical care management
Anaphylactic shock and complications are related to mast cell degranulation; that is, spontaneous bleeding may present features of mastocytosis [6, 16] . When present, shock needs to be treated with the usual treatment, including the administration of epinephrine. For all patients with mastocytosis, epinephrine should be readily available as it hinders mast cell degranulation and is the first drug of choice during haemodynamic failure in these patients [7] . Haemorrhage with disturbed coagulation tests can be treated with protamin and plasma coagulation factors to reverse the anticoagulant effects of heparin [9] . It is important to realise that, during further ICU treatment, patients with mastocytosis are inevitably exposed to triggers of mast cell degranulation, which may be followed by severe anaphylactic responses [10] . When a patient with known mastocytosis is admitted to the ICU, it may be helpful to make a risk profile to estimate the chance of developing anaphylactoid reactions. The risk profile includes the form of mastocytosis, the basal serum tryptase level as a marker of the total mast cell load, previous anaphylactic reactions, and present mast cell activation status comprising recent reactions to triggers. Histamine-releasing drugs, such as opioids and neuromuscular blocking agents, should be avoided (Table 4) . Additionally, infusion of cold solutions, trauma, friction, and other mechanical factors are elicitors of mast cell degranulation and should be prevented. Also, several antibiotics and radio contrast materials are known activators of mast cells [9] . Even anxiety may trigger mast cell degranulation, for which benzodiazepines may be considered. Continuous infusion of medication and solutions theoretically leads to less release of mast cell mediators and is preferred over single boluses.
When (surgical) intervention is planned during ICU admission, precautions must be taken. The anaesthetist should be conscious of the potential triggers and consequences of mast cell degranulation and be informed about the risk profile of the patient. Pre-medication may include benzodiazepines, H1-and H2-receptor antagonists to block the cascade of mast cell mediators, and glucocorticoids as anti-inflammatory and mast cell stabilizers. Because mast cell degranulation has been observed hours after trigger application, we recommend continuing medication for at least 4 hours after trigger application. Non-steroidal antiinflammatory drugs (NSAIDs) are effective prophylactic drugs because of their antiprostaglandin actions. However, they should be given only to patients who have received these drugs previously, as NSAIDs are also associated with serious anaphylactoid reactions [9] .
Conclusions
Mastocytosis is a clonal disorder characterized by the proliferation and accumulation of mast cells in different tissues. After trigger application, an overwhelming release of mast cell mediators may lead to severe haemodynamic compromise and multi-organ failure. Knowledge of the -Co-expression of CD117 with CD25 or CD2 (or both) on mast cells -Codon 816 mutation in the C-KIT gene
To establish the diagnosis of systemic mastocytosis, either one major and two minor or three minor World Health Organization criteria have to be fulfilled. Patients who have a history of mast cell activation symptoms without skin lesions but who do not fully meet diagnostic criteria for systemic mastocytosis are classified as having mast cell activation syndrome [9, 17] pathophysiology of the disease is of paramount importance for adequate treatment and the prevention of secondary events of mast cell degranulation due to mechanical or pharmacological triggers. During treatment, physicians should avoid potential triggers of mast cell degranulation, consider giving pre-medication before interventions, and be aware of and prepared for the clinical manifestations caused by mast cell mediators. Avoiding medication and physical stimuli that trigger histamine release and blocking the cascade of actions of mast cells constitute the mainstay of therapy besides treatment of anaphylaxis. 
